In patients with polycystic liver disease (PLD), development of cysts induces hepatic venous outflow obstruction (HVOO) and parenchymal modifications, challenging the paradigm of a normal noncystic liver parenchyma. The aims were to reappraise the pathology of the noncystic parenchyma, by focusing on HVOO lesions; and to investigate the association with outflow obstruction at imaging and perioperative course after liver resection. This is a retrospective study conducted in one tertiary center between 1993 and 2014. PLD patients (n 5 125) who underwent resection (n 5 90) or transplantation (n 5 35) were included. HVOO parenchymal lesions were assessed for all patients and a liver congestion score was built. Imaging was analysed for 45 patients with computed tomography scan, and perioperative course was assessed in resected patients. At pathology, 92% of patients had HVOO lesions, with sinusoidal dilatation being the most common feature. HVOO was more severe in patients who underwent transplantation compared to liver resection, as assessed by the congestion score. At imaging, all patients had HVOO with at least two hepatic veins involved. Mosaic enhancement pattern of the parenchyma was associated with the severity of hepatic vein obstruction (P 5 0.045) and the compression of the inferior vena cava (P 5 0.014). In case of liver resection, intraoperative course was characterized by hemorrhage, related to HVOO at imaging. Ascites (44%) and liver failure (9%) in the postoperative period were associated with blood losses and transfusions. Conclusion: Hepatic venous outflow obstruction, including development of venous collaterality and parenchymal changes, is frequent in PLD and has major consequences on intraoperative bleeding and postoperative ascites and liver failure. Hepatic venous outflow obstruction should be taken into account to choose the most appropriate surgical treatment. (HEPATOLOGY
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Because liver function is typically preserved, the liver parenchyma surrounding the multiple cysts is often considered to be normal. However, aside from a few case reports published in the 1990s suggesting that compression of hepatic veins (HVs) and/or inferior vena cava (IVC) by cysts may lead to hepatic venous outflow obstruction (HVOO) lesions, (9) (10) (11) (12) the quality of the noncystic liver parenchyma has only rarely been addressed. Previously, our team described histological abnormalities (fibrosis, peliosis, and congestion) in up to 76% of PLD patients who underwent either LR or LT.
(2) Interestingly, these abnormalities, especially fibrosis, seemed to be associated with a higher risk of postoperative ascites. (2) These findings challenge the paradigm of a normal, healthy, noncystic liver parenchyma in patients with PLD. Therefore, the aims of this study were to (1) reappraise the pathology of the noncystic parenchyma, by focusing on HVOO lesions, and (2) investigate the association between HVOO lesions at pathology, extent of outflow obstruction noninvasively assessed using imaging, and intraoperative and postoperative course post-LR.
In an attempt to quantify the severity of HVOO lesions of the noncystic parenchyma, a histological liver congestion score has been built for the purpose of this study and is detailed in Supporting Table S1 . However, this score has not yet been validated in PLD or other liver pathologies with HVOO lesions.
Patients and Methods

ETHICS
The study was approved by our local institutional review board and received the institutional review board number 00006477. Live patients have been informed about the study and given the opportunity to decline their participation.
STUDY DESIGN
This is a retrospective study that included all patients with PLD who underwent either LR or LT.
SETTING
Period of exposure was between 1993 and 2014. All patients were treated in the hepato-pancreato-biliary surgical unit at Beaujon hospital (Clichy, France), which is a tertiary center for liver diseases. Patients were identified from our pathological database. Data were collected and analyzed from clinical records.
PARTICIPANTS
All consecutive patients were proposed to participate in the study.
LR was proposed to highly symptomatic patients with massive hepatomegaly, nonamenable to simple cyst fenestration, and when at least three consecutive segments were considered to have sufficient noncystic parenchyma. Cyst fenestration was associated in the remnant parenchyma. The procedure was always performed by laparotomy; an intra-abdominal drainage was systematically left at the end of the procedure (as published (2) ). LT was proposed to young (aged <65 years), highly symptomatic patients without enough noncystic future liver remnant. Concomitant kidney transplantation was associated in case of kidney polycystic disease with end-stage chronic renal failure (as published (2) ). Period of follow-up in this study includes inhospital stay postsurgery and the first postoperative consultation at the outpatient clinic.
VARIABLES AND DATA MEASUREMENT
Sex, age, type of surgery (either LR or LT), and preoperative renal function were collected for all patients. Renal failure was defined as creatinine glomerular filtration rate below 60 mL/min, estimated by the Cockroft-Gault formula before 2005 and the Modification of Diet in Renal Disease (13) formula after 2005. Perioperative data were collected for patients who underwent LR. The following intraoperative data were collected: total blood losses; necessity for transfusion of red blood cells packs or frozen plasma; pedicular or IVC clamping; and necessity of total vascular exclusion of the liver.
Postoperative data included blood tests (serum creatinine, prothrombin time, and bilirubinemia) on postoperative days 1, 3, and 5, occurrence of prolonged ascites (maximum quantity, and duration) defined as a total volume of ascites fluid output superior to 200 mL after postoperative day 5 or the need to perform postoperative percutaneous drainage for ascitic fluid collection, and liver dysfunction defined by the fifty-fifty criteria, (14) that is, prothrombin time less than 50% and total bilirubinemia above 50 lmol/L at day 5.
Pathological Analysis
For all liver specimens, 3 to 5 noncystic liver tissue samples were systematically collected and paraffinembedded. Hematein and eosin staining was performed on all paraffin blocks; Sirius Red and Masson trichrome stains for fibrosis evaluation were performed on one representative block. All cases were reviewed by an experienced pathologist (V.P.). Morphological elementary lobular lesions (sinusoidal distension, congestion, and inflammation, plate cell atrophy, centrolobular vein thickness, and/or thrombosis) were semiquantitatively assessed (0 5 absent; 1 5 mild intensity; and 2 5 moderate and/or diffuse). Sinusoidal congestion was defined as blood stasis in the sinusoidal spaces; sinusoidal dilatation was defined by sinusoidal spaces being more than one hepatocyte plate in width. Peliosis was defined by cystic-blood-filled spaces randomly distributed throughout the liver. Based on the extent of cell atrophy and regeneration, lobular architecture was described as regenerative without or with nodular hyperplasia on reticulin staining. In portal tracts, presence of lymphocytic inflammatory infiltrates, ductular reaction, portal vein dilatation/ thrombosis, and neovascularization were reported.
Degree of perisinusoidal and portal fibrosis were assessed, and extensive fibrosis was defined by presence of several complete fibrous septa. Von Meyenburg complexes, stigmata of cholestasis, and hemosiderin overload on Perls staining were systematically checked.
Imaging
A total of 45 patients (36%) had preoperative contrast-enhanced computed tomography (CT) performed a median 3.5 [0.0-30.5] months before surgery.
The following features were recorded: (1) number of HV involved and severity of the HV obstruction (see "quantitative variables" below); (2) presence of an inferior right HV and/or caudate veins; (3) presence and location of venous collaterals classified as either subcapsular (up to 1 cm from the liver capsule) or intrahepatic (>1 cm from the capsule). Intrahepatic venous collaterals were described according to their location in the liver segments. (15) The following rules were used for naming the vessels: Vessels entirely located inside a segment were number after this segment: for example, V5, V8 for collaterals located inside segment 5 and 8, respectively; vessels connecting two liver segments were numbered after these two segments, for example, V2-V4a referred to a vessel connecting segment 2 and segment 4a; (4) segmental hypertrophy or atrophy; (5) mosaic enhancement pattern, defined as reticular enhancement either during the arterial-dominant or portal venous phase (16) (17) (18) ; and (6) compression of the portal vein/IVC/right atrium/biliary ducts.
The description of HV obstruction, venous collaterality, accessory veins, segmental hypertrophy, and mosaic enhancement pattern has been performed and used in nonpolycystic livers. (15) 
BIAS
The retrospective nature of this study and the long period of inclusion account for observation bias was related to the interpretation of pathology and imaging analysis. During the period of inclusion, imaging and pathology of patients who required surgery for PLD were discussed in a multidisciplinary meeting. For the study, all CT scans were reviewed for the study by a senior radiologist (M.R.) blinded to both pathological and surgical data. Specimens were all available for reanalysis by a senior pathologist (V.P.). Furthermore, the management of patients during surgery and in the postoperative course has improved over time, but this bias was difficult to control.
In order to decrease losses to follow-up, the followup period was limited to the postoperative period.
STUDY SIZE
Because the pathology is rare and no previous work has been published in PLD patients that could inform us on the frequency of HVOO lesions, we chose to include all consecutive patients during the study period.
QUANTITATIVE VARIABLES
For the purpose of the study, a liver congestion score was built in order to quantify the histological lesions associated with HVOO (Supporting Table S1 ). (2, (19) (20) (21) One to 3 points were attributed to main histological features of outflow obstruction, with 1 point for mild lesions to 3 points for the most severe lesions. Fibrosis was also incorporated to the score with a maximum of 2 points for extensive fibrosis (defined as presence of several fibrous septa).
Severity of HV obstruction was semiquantitatively assessed as follows: no obstruction (0 points); stenosis (1 point); or totally obstructed and/or not visible HV (2 points). The score of each of the three HVs were summed. If the total was 5, the HV obstruction was considered to be severe, whereas if the total was <5 the HV was considered as moderate. Venous collaterally was semiquantitatively assessed as follows: absent when no collateral was depicted; moderate when few veins were observed; or severe when collaterals were large and/or numerous.
STATISTICAL ANALYSIS
Qualitative variables were described as absolute numbers and percentages in brackets. They were compared using the chi-square test with or without Yates' correction, as appropriate. Quantitative variables were described as median with extreme in square brackets and mean 6 SD, if needed. They were compared with the Student t test or with the analysis of variances (ANOVAs) depending on the number of groups. The statistical significance was set at P < 0.05.
Three groups were analysed: all patients (n 5 125) for analysis of HVOO histological lesions; the subgroup of patients who underwent LR (n 5 35); and the subgroup of patients who had an available preoperative CT scan (n 5 45) among LR and LT patients (Fig. 1) .
Factors with P < 0.4 in univariate analysis were considered for multivariate analysis if the number of events was greater than 10. For binary qualitative variables, a logistic regression was performed. For continuous quantitative variables, an ANOVA with multiple factors was performed, taking into account the interactions between significant factors.
All statistical analysis was performed using R software (22) with the lattice package. 
Results
DESCRIPTION OF THE PATIENTS
One patient identified as a PLD patient who required LR did not wish to participate in the study. A total of 125 adult patients were analyzed, including 90 patients with LR (72.0%) and 35 with LT (28.0%; Fig. 1 
PATHOLOGICAL ANALYSIS OF THE NONCYSTIC PARENCHYMA (n 5 125)
A median number of 4 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] noncystic liver samples were reviewed. Table 1 summarizes the main pathological features present in noncystic liver parenchyma in the total population. Sinusoidal distension was the most frequent abnormality, encountered in 59 (47.2%) patients. More than half of the patients had some degree of fibrosis (71; 56.8%), graded as extensive in 17 (13.6%). Modifications of noncystic parenchyma were more pronounced in the pericystic areas in 18 (14.4%) patients. Figures 2 and 3 show representative macroscopic and microscopic appearance of a polycystic liver specimen.
Overall, the median liver congestion score was 3 [0-10]. Its distribution is shown in Supporting Fig. S1A . Ten (8.0%) patients had no signs of venous outflow obstruction (i.e., score 5 0). The score was significantly higher in patients who underwent LT: median 2 [0-10] and mean 2.8 6 2.0 in the LR group versus median 3 [0-10] and mean 4.3 6 2.5 in the LT group (P < 0.001; Supporting Fig. S1B ).
ASSESSMENT OF HVOO AT IMAGING (n 5 45)
All patients had at least two HVs showing either stenosis or total obstruction. Overall, 39 (86.7%) had all HVs involved. HV obstruction was considered moderate in 35 (77.8%) patients and severe in the remaining 10 (22.2%). An accessory right inferior HV was present in 5 (11.1%) patients and caudate veins in 3 (6.7%). Figure 3 shows HVOO on preoperative CT scan.
Thirty-eight (84.4%) patients had intrahepatic venous collaterals, including 22 (48.9%) who also had subcapsular collateral veins. Collaterality was absent in 5 (11.1%), moderate in 28 (62.2%), and severe in 11 (24.4%) patients. The full description of intrahepatic collateral veins is given in Supporting Table S2 . Collateral veins were significantly less frequent in patients with severe HV obstruction at imaging (P 5 0.004), but there was no difference regarding the presence of an accessory right inferior HV (20.0% in case of severe obstruction vs. 8.6%; P 5 0.657; Table 2A ).
Cysts were responsible for IVC, right atrium, portal vein, and biliary ducts compression in 19 (42.2%), 4 (8.9%), 28 (62.2%), and 14 (31.1%) patients, respectively.
A mosaic enhancement pattern was present in 19 (42.2%) patients. It was associated with severity of HV obstruction (P < 0.001), compression of the IVC (P < 0.001), and absence of venous collaterality (P 5 0.015). At multivariate analysis, only severity of HV obstruction (P 5 0.048) and compression of the IVC (P 5 0.014) remained associated with a mosaic enhancement pattern (Table 2B) .
The median pathological liver congestion score was 3.0 [0] [1] [2] [3] [4] [5] [6] [7] [8] . In univariate analysis, no relation was found between the liver congestion score and HVOO assessed at imaging: mosaic enhancement pattern (P 5 patients. There was no association between pathology features and intraoperative parameters. On the other hand, blood losses were associated with a compression of the IVC (P 5 0.003), mosaic enhancement pattern (P < 0.001), and collaterality (P 5 0.010) at imaging. Transfusion of red blood cells packs was associated with compression of the IVC (P 5 0.038) and mosaic enhancement pattern (P 5 0.037).
Postoperative ascites was observed in 40 (44.4%) patients, during 12 [5.0-45.0] days (Table 3) . Maximum quantity of ascites was 1,650.0 [500.0-6,000.0] mL. In multivariate analysis, blood losses, number of red blood cells packs, and presence of sinusoidal congestion at pathology were associated with postoperative ascites.
Postoperative liver failure (Table 3 ) occurred in 8 patients (8.9%). Intraoperative blood losses and transfusion of red blood cells packed/frozen plasma packs were associated with a significantly higher risk of postoperative liver failure.
There was no significant relation between severity of HVOO lesions as assessed by the liver congestion score and postoperative complications. Figure 4 summarizes relations between HVOO at imaging, at pathology and intra and post operative outcomes.
Discussion
The alteration of non-cystic parenchyma in PLD and its clinical implication is a new paradigm. Based on a systematic radiopathological evaluation, we demonstrated that HVOO was found in all PLD patients at imaging and in more than 90% of patients at pathology. Results also suggested the potential clinical impact of HVOO, which was associated with increased blood losses and transfusions, and ascites after liver resection.
Pathological assessment of noncystic liver parenchyma revealed the presence of HVOO lesions in 92% of patients. Hence, the paradigm of healthy parenchyma in the noncystic area should be reconsidered. Among morphological changes, sinusoidal distension and congestion are the most common features. Moresevere obstructive lesions, such as peliosis and regenerative nodular hyperplasia, were detected in 14% and 6%, respectively. The liver congestion score proposed in the present study could be used as an indicator of severity of HVOO lesions. Hepatic venous outflow obstruction lesions in noncystic parenchyma can be performed on a biopsy in difficult cases to guide the extent of liver resection, and even to contraindicate resection and favor transplantation in case of very severe lesions. However, performing an informative biopsy of noncystic parenchyma can represent a technical challenge, and biopsy cannot be advocated systematically. Only 4 patients in this study had a preoperative biopsy.
More than half of patients had fibrosis that was extensive in 17% of cases. Fibrosis was located in the centrolobular area, but interestingly as well in the portal area, suggesting the possibility of alterations other than HVOO. Indeed, portal spaces are considered as normal in only one third of patients, with alterations such as neovascularization and thrombosis. An insight in mechanisms of portal neovascularization has been given by Fabris et al., (24) who showed that angiogenic factors such as vascular endothelial growth factor are up-regulated in cholangiocytes located in the cysts walls from PLD, and promote the growth of the cysts and portal vasculature. This hypothesis would also be consistent with the accentuation of pathological lesions in the pericystic areas. A future work at a larger scale on Glissonean pedicles' compression would be to study portal vein branches and the relation of their compression with periportal fibrosis and ascites, with the support of three-dimensional computing software. It cannot be ruled out that fibrosis may as well be associated with the natural history of the polycystic disease that remains a fibrocystic disorder. However, bridging fibrosis between the central veins is observed in other HVOO nonfibrocystic disorders, such as venoocclusive disease, Budd-Chiari syndrome, and congestive hepatopathy. (21) We failed to prove a direct relation between HVOO assessed at imaging and pathology. The number of patients with available contrast enhancement CT scans (n 5 45) might not allow a sufficient power to identify a relation. We recently demonstrated, in non-PLD patients with tumor compression of confluence of the HV, (15) that the development of collateral pathways is not fortuitous and depends on the number of HV involved and pre-existing accessory veins. In PLD patients, the outflow obstruction is more severe with Several studies published in the 1990s suggested the phenomenon of Budd-Chiari syndrome and HVOO in PLD patients. (10) (11) (12) 20, (25) (26) (27) Uddin et al. (20) and Torres et al. (27) separately described, in 4 patients, HVOO pathological lesions with hemorrhagic mottling, sinusoidal dilatation and congestion, regenerative nodular hyperplasia, and HV and IVC thrombosis. They hypothesized that HVOO may be responsible for ascites and that anticoagulant and diuretic therapy could be proposed, together with cyst decompression, in order to restore a correct outflow. In a study published by our team and focusing on LR and LT in PLD patients, (2) pathological abnormalities suggesting HVOO were observed in the majority of patients and we suggested to ensure sufficient inflow and outflow by cyst decompression. The issue of the outflow is one of the important criteria used by the Mayo Clinic team (8) to make a decision between resection and transplantation. However, the relation between HVOO and intraoperative and postoperative course has never been demonstrated before.
Postoperative ascites is a major concern in PLD patients, with an occurrence in 42%.
(2) Several mechanisms have been suspected, but not demonstrated: secretion by the remnant cystic walls, hypoalbuminemia, and relative portal hypertension, and HVOO. We suggested here a direct relation between sinusoidal congestion and postoperative ascites, with potentiation by intraoperative blood losses and transfusions. The impact on postoperative ascites of large blood losses has already been demonstrated, together with a low platelet count, after resection for hepatocellular carcinoma. (28) The participation of portal flow modulation needs to be addressed in PLD, especially in light of the recent results of Chebib et al., (8) who observed a significant increase in spleen volume and a significant decrease in platelet count in the postoperative period. The improvement in the field of anesthesiology and postoperative care certainly had an impact in terms of fluid administration and management of renal failure, probably influencing the results.
We demonstrated a direct impact of HVOO assessed at imaging on intraoperative blood losses and transfusions. These results are consistent with the model of tumor compression of the confluence of the HVs (15) and with published studies that described increased blood losses in PLD patients. (2, 8, 29) Furthermore, in PLD patients, we showed that intraoperative blood losses and transfusions are associated with postoperative ascites and liver failure. Postoperative liver insufficiency is not such a rare complication: 6% (8) to 9%, (2) and emergency LT may be necessary after initial LR. However, the potential impact of a certain degree of portal hypertension has not been investigated in this study.
The impact of this study is limited by its retrospective nature, and the rarity of the disease explains the large time span and the relatively low number of patients. Unfortunately, only 45 CT scans were available for imaging analysis and vascular reconstruction, which may be explained by the high proportion of patients with renal failure. For old clinical files, only paper images and no computer data were retrieved, hence these CT scans were not available for a new analysis in the setting of the study. Nevertheless, a statistical relation between HVOO and postoperative ascites, on the one hand, and outflow obstruction at imaging and intraoperative bleeding and transfusions, on the other hand, could be highlighted.
These data together demonstrate that HVOO is a strong parameter that should be taken into account to choose the surgical treatment and to anticipate the intraoperative and postoperative course post-LR. Laparoscopic cyst decompression might be a strategy to maintain a satisfying outflow and prevent or delay HVOO, should the culprit cysts be identified (Supporting Fig. S2 ). Further studies need to address the specific issues of portal flow and Glissonean pedicles' compression in PLD.
